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Figure 1. Male and Female ACL-injured subjects: signiﬁcant side-to-side
increases in cartilage thickness for anterior and central regions, before
analysis of covariance.
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Fig4: Flavopiridol preserves the mechanical properties of injured cartilage
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DIFFERENCES IN CARTILAGE THICKNESS PROFILE OF THE MEDIAL
TIBIAL PLATEAU AFTER ANTERIOR CRUCIATE LIGAMENT INJURY
E.C. Argentieri, M. Gardner-Morse, D.R. Sturnick, M.J. DeSarno,
J.R. Slauterbeck, T.W. Tourville, R.J. Johnson, B.D. Beynnon. Univ. of
Vermont, Burlington, VT, USA
Purpose: Anterior cruciate ligament injury has been associatedwith the
early onset of post-traumatic osteoarthritis, regardless of surgical or
non-surgical intervention. Changes in articular cartilage thickness have
been shown to occur on the femoral condyles and trochlea at one and
two-year follow-up after ACL injury; however, little is known regarding
changes that occur in the tibial articular cartilage following ACL injury.
Additionally, tibial orientation has been shown to change after injury.
We hypothesized that ACL-injured cases would demonstrate signiﬁcant
side-to-side differences in cartilage thickness, and controls would show
no within subject differences. We also hypothesized that males and
females would demonstrate differences in the location and magnitude
of cartilage thickness change, and the magnitude of change would be
explained by the orientation of the tibia relative to the femur during
MRI data acquisition.
Methods: An IRB approved case-control study was used to evaluate 54
males and 54 females (27 case-control pairs for each sex). ACL-injured
cases had sustained a ﬁrst time non-contact ACL injury during partic-
ipation in an organized high school or college sport. Healthy, uninjured
teammates of ACL-injured subjects who were matched on age and sex,
were used as controls. Bilateral Phillips Achivia 3T MRI scans were
obtained on all subjects (before surgery and median 15 days post injury
for cases).The medial tibial plateau cartilage and subchondral bone was seg-
mented; these data were transformed into a 3D coordinate system that
referenced to the tibia. Right knees were mirrored to match left knees.
Tibial cartilage areas were scaled based on the anterior-posterior and
medial-lateral dimensions of the proximal tibia. Three regions: anterior,
central, and posterior, were deﬁned on the cartilage of the plateau
(Figure 1). Region speciﬁc cartilage thickness was measured at different
points on a 1mm by 1mm grid, where a normal vector to the cartilage
surface intersected underlying subchondral bone.
Orientation during MRI acquisition was characterized as the internal-
rotation, ﬂexion, medial-lateral, and anterior-posterior location of the
tibia relative to the femur.
Side-to-side differences in thickness were measured between the
injured knee of ACL-injured subjects and their contralateral uninjured
knee. Bilateral differences within ACL-injured and control groups were
compared using mixed model repeated measures analyses of variance
at each point in the medial compartment. These p-values were then
adjusted for False Discovery Rate using the Benjamini-Hochberg
method. These analyses were repeated for each sex and compartment
region separately, using tibiofemoral orientations as covariates.
Results: Analyses that did not consider tibiofemoral orientations as
covariates revealed signiﬁcant side-to-side differences in tibial cartilage
thickness in ACL-injured subjects. Cartilage thickness increase was
observed in the anterior (Males ¼ 0.25 mm; Females ¼ 0.0 mm) and
central (Males ¼ 0.29 mm; Females ¼ 0.14 mm) regions of the medial
compartment. No signiﬁcant differences in thickness were observed in
the uninjured controls. Male ACL-injured subjects exhibited greater
changes in cartilage thickness when compared to female ACL-injured
subjects.
Additional analyses including orientation of the tibia relative to the
femur as covariates revealed no signiﬁcant differences in cartilage
thickness after adjustment for anterior-posterior position. Analyses of
covariance for medial-lateral translation, ﬂexion, and internal rotation
showed little effect on signiﬁcance of cartilage thickness differences.
Conclusions: Changes to tibial articular cartilage thickness in ACL-
injured subjects occur as a function of altered contact mechanics in the
injured knee in the acute time period after injury. Speciﬁcally, differ-
ences in thickness were explained by the anterior position of the tibia
relative to the femur, suggesting altered cartilage loading. Alterations in
loading could lead to the degenerative changes associated with PTOA.
Male and female case subjects exhibited different magnitudes of
thickness change; suggesting that ACL injury may affect articular con-
tact mechanics between sexes differently. Future studies should include
sex-speciﬁc analyses, and implementation of a 3D bone based
Abstracts / Osteoarthritis and Cartilage 22 (2014) S57–S489S362coordinate system, to fully account for the position of the tibia relative
to the femur while acquiring data.
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DOES SUBCHONDRAL SCLEROSIS PROTECT PROGRESSION OF JOINT
SPACE NARROWING IN PATIENTS WITH VARUS KNEE
OSTEOARTHRITIS?
Y. Akamatsu y, H. Kobayashi y, Y. Kusayama y, K. Kumagai y, N. Mitsugi z,
T. Saito y. yYokohama City Univ. Sch. of Med., Yokohama, Japan;
zYokohama City Univ. Med. Ctr., Yokohama, Japan
Purpose: Abnormal medial loading in varus knee osteoarthritis (OA)
results in decreased cartilage thickness, osteophyte ingrowth and sub-
chondral bone sclerosis in the medial femoral and tibial condyles. Some
studies have shown that higher bone mineral density (BMD) is pro-
tective for knee OA progression. Also, BMD is not necessarily associated
with decreased cartilage thickness of knee OA. In addition, the rela-
tionship between BMD and knee OA may differ by measurement site of
BMD and severity of knee OA. We hypothesized that subchondral bone
sclerosis might protect decreased cartilage thickness in knee OA. The
aim of this study was to assess the relationship between joint space
narrowing and BMD of the knee condyles in patients with varus knee
OA.
Methods: This study involved 192 women with varus knee OA at our
institution. All patients underwent knee radiograph, dual energy x-ray
absorptiometry at lumbar spine, proximal femur and knee condyles.
The femorotibial angle (FTA) was deﬁned as the lateral angle between
the axis of the femoral and tibial shafts. The joint space narrowing angle
(JSNA) was deﬁned as the angle between the tangents to the femoral
condyles and the tibial plateau marginal line, and was used as an
indicator of medial joint space narrowing. Medial and lateral condyles
BMD at the femur and the tibia were measured. BMD of the femoral and
medial condyles was used as the indicator of subchondral sclerosis.
According to the Kellgren &Lawrence grading system, 11 knees were
grade 1, 29 knees were grade 2, 54 knees were grade 3 and 98 knees
were grade 4. Also, according to the Ahlb€ack grading system, 37 knees
were grade 0, 51 knees were grade 1, 51 knees were grade 2, 47 knees
were grade 3 and 6 knees were grade 4. Body mass index (BMI) was
calculated as an index of obesity. SPSS for windows was used for stat-
istical analysis. Data was expressed as means standard deviations and
assessed using Pearson’s correlation coefﬁcients. Signiﬁcance was set at
p<0.05.
Results:Mean age, BMI and FTAwere 69.5 8.9 years, 25.6 4.3 kg/m2
and 182.2  5.1, respectively. There was a weak association between
lumbar spine BMD and JSNA (r ¼ 0.176, p ¼ 0.015), but there was no
association between femoral neck BMD and JSNA. Medial femoral and
tibial condyles BMDwere correlatedwith JSNA (r¼ 0.550, p< 0.001 and
r ¼ 0.571, p < 0.001, respectively). Also, lateral femoral and tibial con-
dyles BMD were not correlated with JSNA.
Conclusions: Previous paper reported that high BMD at baseline and
BMD gain decreased the risk of progression of radiographic knee OA.
The protective effect might be associated with reducing the risk of joint
space narrowing. Our cross-sectional results showed that the increase
of subchondral bone sclerosis in the medial femoral and tibial condyles
might protect the decrease of cartilage thickness in patients with varus
knee OA.
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DELAY IN OSTEOARTHRITIC CHANGE IN A LOX-1 KNOCKOUT MOUSE
MODEL OF OSTEOARTHRITIS
K. Hashimoto y, Y. Oda y, I. Tsukamoto y, M. Okumoto z, A. Nakano x,
T. Sawamura x, M. Akagi y. yKinki Univ. Faculty of Med., Osakasayama,
Japan; zKinki Univ. Faculty of Med. Life Sience Inst., Osakasayama,
Japan; xNatl. Cerebral and Cardiovascular Ctr., Suita, Japan
Purpose: LOX-1, a vascular endothelial cell receptor for oxidized low-
density lipoprotein (ox-LDL), is reportedly involved in the progression
of knee osteoarthritis (OA); however, the underlying mechanism has
not been elucidated. In the present study, we established a mouse
model of OA through destabilization of the medial meniscus (DMM) to
investigate the role of LOX-1 in the pathogenesis of OA progression.
Methods: In this study, we used 9-week-old LOX-1þ/þ and LOX-1-/-
mice. The mice underwent DMM at the right knee (DMM side) as well
as a skin incision along with placement of a joint capsule on thecontralateral knee (sham-operation side). Samples were obtained from
both the knee joints at 4 and 8 weeks after surgery. Safranin staining
was performed for each section to assess the osteoarthritic change.
Cartilage degeneration, osteophyte formation were assessed by using a
scoring system . Moreover, the expression levels of LOX-1 and ox-LDL
were assessed in each sample by immunostaining.
Results: On the DMM side, osteophyte formation and cartilage degen-
eration were signiﬁcantly suppressed in LOX-1-/- mice at 8 weeks after
surgery. However, no signiﬁcant difference in osteophyte formation or
cartilage degeneration was noted on the sham-operation side at both 4
and 8 weeks; OA progression was only slightly observed among these
mice . Expression was observed cartilage cells, the formation of osteo-
phytes section . Moreover, the expression levels of LOX-1 and ox-LDL in
LOX-1þ/þ mice were found to be increased from 4 weeks to 8 weeks
after surgery.
Conclusions: Thus, we believe that LOX-1may play an important role in
the pathogenesis of OA progression. Moreover, we suggest that LOX-1
could be used as a potential target for the prevention and treatment of
OA progression.
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CARTILAGE MINERALIZATION AND CELL DEATH WITHIN
EXPERIMENTAL OSTEOARTHRITIS
J.B. Kouri, Sr.. CINVESTAV, Mexico city, Mexico
Purpose: Osteoarthritis (OA) is characterized by the progressive loss of
articular cartilage (AC), accompanied by altered subchondral bone
remodeling. In addition calcium deposits have been related to AC
degeneration and have been observed in late stages of OA. However, the
role of those deposits, whether they induce OA pathogenesis or they
appear as a consequence of such process, is still unknown. Therefore the
main aim of our research was to determine mineralization markers and
cell death in AC.
Methods: Knee articular cartilage samples from OA and normal tissue
from patients were studied. Macroscopic and microscopic observations,
alkaline phosphatase staining for light and electron microscopy (bright
and dark ﬁelds), TUNEL technique, electron diffraction (EDS), and x-ray
microanalyses were performed.In addition we studied the kinetics of
expression and tissue localization of osteopontin (OPN), a mineraliza-
tion biomarker, and calcium deposits in samples from (normal, sham)
and osteoarthritic cartilage studied in a rat model. Immunohis-
tochemical and western blot assays for OPN, as well as Alizarin red
staining for calcium deposits performed in the superﬁcial, middle, and
deep zones of ACwere analyzed.
Results: Chondrocytes from patients displayed a morphology of apop-
tosis and showed abundant alkaline phosphatase (ALP)-rich matrix
vesicles (MV) budding from the plasma membrane with hydroxyapatite
microcrystals on their surface. Farther from the cells hydroxyapatite
crystals were detected on the MV surface and increased as they
approached the subchondral bone. The concentration of Ca and P and
their ratio increased inside the ALP-rich MV in relation to the proximity
to subchondral bone. In the subchondral bone the ratio Ca,/P varied
from 3.936 to 0.974. In normal tissue the ratio was very homogeneous
(maximum 1.973, minimum 1.781).
Conclusions: In situ, apoptotic chondrocytes correlate with factor
known to be involved in the calciﬁcation of the extracellular matrix.
This suggests that apoptosis is involved in the abnormal calciﬁcation of
OA cartilage, and consequently in the altered remodeling of the sub-
chondral bone. In addition, the expression and localization of OPN and
calcium deposits during OA pathogenesis suggests that the pathological
AC mineralization starts in the superﬁcial zone during OA pathogenesis,
which correlates with an increased expression of apoptotic cell death
markers found mainly in chondrocytes from SZ in early stages of OA.
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IDENTIFYING THE EARLIEST HISTOPATHOLOGICAL CHANGES IN
KNEE OSTEOARTHRITIS
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